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For. PROCESS FOR PRODUCING ALIGNED 
CARBON NANOTUBE FILMS 

T^I ^CU^RATION TINDER 37 C J.R. 6 1.132 
We, Masao Someya and Takashi Fujii, heiebiy declaie: 

1. Masao Someya, received a master degree in Engineering ftom Tohokn Univeisity, 
Sendai,Jqianin 1994. I have been employed by Mitsobishi Gas Chemical Compajqr,^ 
smce 1994, and Lave woriced since 1994 in the Corporative Research Laboratory. Much of 
his research aasti 1994 has been devoted to Organic and Polymer synlhesis. Catalytic 
idionistiy , and N anotedmology ■ 

2. Takadl Fnjii, received a PhD. degree firam the University of Bristol, Bristol, UK, 
in 1998. He has been employed by Mitsubishi Gas Chemical Company, Inc. smce 1991. He 
has worked infte Corporative Research Laboratory since 1991, except during the period of 
study at &e Unr^Msity of BristoL Much of his research since 1991 has been devoted to 
Qiganomdallic diemistry. Catalytic chemistry, and Nanotechnology. 
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3. In order -io compaie tbe CNT fiM foimed <m the iKi™ 
substrate of our invention to those on a non-porous substrate, we conducted esqieiimenls 
using a flat and non-porous siUcon wafinr instead of a porous silifia-ahimina sheet 

In Comparitive Example A, cm& or caAon fibers were not obtained. Instead, only 
carbonparticlBS were found. In Conqarative Example B, bundles of aligned CNTs were 
obtained in places . but CNTs grew approximately in pamUel whh the surfiice. rather than fl»e 
surfecenonnaUoiithemajorateaofthe surface. As a result, an aligned film foiled to form. 



P.ifftmple A 

Ibis expeament corresponds to Example 3 of our above-captioned^qjpUcatioo, 
namety, a square silica-alui»ina substrate measuring 2 nnn thick 

heated in ahr at 4(I0'X: for 3 hours and then deposited wifli alumfauim by vacuum deposition. 
The deposited aluminum film was 0.2 \im duck. 

An aqueaos solution of cobalt nitrate (0,3 mol^L) was cooled to lO'C and to the 
stirred solution, 0.2 ml of 29% aqueous ammonia was added. Bhie cobalt hydroxide particles 
were generated in the purple aqueous solution to form a suspension. After stirring the 
suspension for 1) minutes, the previously prepared ahnninum-deposited substrate was dipped 

in tiie stirred suspension foe 10 minutes. 

The substrate was recovered from the suspension and calcined m air at 400°C fiwr 3 

houi9. 

After ihc calcining, the substrate was placed horizontaltym a tubulM 
furnace (diametijr is 35 mm) with the alummum-deposited side fecmg up. The tubular 
fiimace was heated up to 700X with argon being blown horizontally at a flow rate of 360 
cm^Anin under irimospheric pressure (0.1 MPa). Subsequentiy, whh the temperature of 
700*C being ke;rt, a mfarturc of propylene (120 cm^Anm) and argpn (360 ranVmin) was 
introduced into the tubuhir furnace. After flowing of the propyl«ne/argon mfated gas for 20 
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mimites. the g3S 8« ppty switched to aigoa and as aigon ^ flowing, healing of «ie 
tobalar fiimace stopped and it was left to cool to room temperatuie. 

After die eiid of die leactioD. die surfece of die substrate was exammed by SEM to 
.nfinn fliat an aKpxed carbon naMtube film was foni^^ in a dri^ 



CO] 



For compj-rativc purposes, aCm film wasprepaied by die same pro<^ 
E^miple A, excq,t dut d« porous silica-alumina sheet was replaced widi a siUcon wafi^r. and 
4eahmiii«umdeiK«ntionsl«pwas<«nitted. Tlius. as a substrate, a square silicon wafi^ 
(Shin^ Chemii =al pic. produced; phosphorus doped, n^e) measuring 3 0 mm on each side 
wasprqparei 

Anaquecus solution of cobalt niHate (0.3 mol/L) was cooled to 0.2 ml of 29% 
aqueousammoniawasaddedtodiesolntiouwiflistiniug. Blue cobalt hydroxide particles 
were generated inflje purple aqueous sohition, resulting in fi^ After 
stiiiingihe suspasion for 10 minutes, die siUcon wafer above was dipped in dK^ stirred 

suspension for 10 roinutes- 

Hie sukitrate was wididrawn from die suspension and calcined in air at 400-0 for 3 

hours. 

Afl«r caldnmg. d« substrate was placed horizontally hi a tubular quaite glass fi«uace 
(diameter 35 min). The tubuh^fornacc was heated i,, to 700*Cwhhargpu bdng blown 
horizontally at flow rate of 360 cm'/uun under atmospheric pressure (0.1 MPa). 
Subsequenfly. ^vidi die ten^)erature of 700-C being mainte^^^ a mixture of propylene (120 
cm and a igon (360 cm W) was introduced into die tubular fi«uace. and was fed for 
20mmotes. T]« gas supply was dieaswftched to argon. Under the argon flow, die tubular 
fiimace was aLowed to cool to room temperature. 

After file end of die reaction, die surfece of die substrate was examined by SEM 
SEM fanage A shows diat die clusters of carbon particles could be found sporadically on die 
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surfeoe Of Hie substrate. Ifecaibon particles in the clusto had an external 
lOOnm (SEM image B). 




SEM image A Tbe sui&ce of the stibstiate (xlOO) 




CtHnpaialiv a j^ainple B 

For conqaiative purposes, a CNT film was prepEffed by the same proceduie as in 
Ejtaiiq>lc A, tatcjpt <hat the parous siMcaralumina sheet was lepbced wiA a silicon wafer. 
Thus, as a subsbate. a square silicon wafer (Shinetsu Chemical pic- produced; phosphorus 
doped, n-type) B leasuring 3 0 mm on each side was heated in ah^ at 400°C for 3 houi^ 
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dqwsitedwthaluiTwnmnbyvaaiumdqwsM^ The dqjosited ahmuMim film was 02 Mm 
thick. 

An aqueous soluticm of cobalt mtaite (0.3 mol/L) was cooled to lO^C and to the 
siined sotation. 0.2 ml of 29% aqueous ammonia was added Bhie cobah hydfoxidc particles 
were generated in tfiepuiple aqueous solutionto form a suspension. After stirring the 
suspension for 10 minutes, the previously prepared aluminum-deposited substrate was dipped 
in tte stirred suspmsion for 10 minutes. 

Tbe substrate was recovered ftom the suspension and calcined in air at 400°C for 3 

hours. 

After the <afcining, the substrate was placed horizontalJy in a tubular quartz glass 
fomace (diameter is 35 mm) with die aluminum-deposited side fiwing \jp. The tubular 
famace was heatfdup to 700*C with argon being blown horizonlally at a flow rate of 360 
cmWundec atnospheric pressure (O.l MPa). Subsequently, wifli the temperature of 
700'C being kepU a mbrtuie of propylene (120 cmVmin) and argon (360 cm'/mm) was 
introduced into flie tobular fomace. After flowing of the propyleoe/argon mixed gas for 20 
minutes, the gas laipply was switched to argon and as argon was flowing, heating of the 
tubular fiiroace vras stopped and it was left to cool to room ten^)crahirc. 

After the end of ftie reaction, the surfSice of Ac substrate was examined by SEM The 
appearance of th ; suifece of the substrate was not uniform (SEM nnage C). On foe minor 
area of fte surfef:e, there obtamed aggregations of bundles of aligned CNTs, which were 10- 
60 pmhigh. Tbt outside diameters of the bundles were 5-15 pm and there were 5-50 pm 
gaps in between those (SEM hnageD). The CNTs forming Aie bundles had outside 
diameters ofS-lSnm and Ae density was as high as tvproxinMtely 400 COTs^ On 
the rest major area of the surfece, CKTs grew but approximately m parallel with the surfeoe, 
lalher than the sorfece normal (SEM hnageE). On this area, the outside diameters of CNTs 
wei6 10-20 wnimdAe density was as higK as 10 CNTs perl |un . 
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4. Tfi iBiimti miy, an aligned CNT film was not produced on the silicon wafer. The 
porous sflica-ahimina sheet apparently retains Ihe solution or suspension on ihe sur&oe, and 
conliibiitBS to famiatim> of the aligned CNT film. 

5. In canbast, accordii^ to the process of tfie subject invention, CNTs grew vertically 
tofiumanaligiDed fifan as shown in Fig. 1 oftheabove^aqjtionedipecifioaticm. The 
diickness of ft© film was appioximately lOOum, and the CNT fonning the fihn had oolside 
diameters of 5-8 rm. as described on page 12, lines 3-8 of the above-cqrtioned specification. 
The thickness dep ends on the preparation conditions, and can exceed 100pm- On Ihe basis of 
th© SEM image o:?Fig. 1, tite densi^ of cms was as higji as i4>pnHdmately 

6. We heresy declare former ^ all statemiRits made herein of our own Imoviedge^ 
tnie and tfiat aU slatemraits made on infornmtion and belief are believed to be tnic; and 
furflicr that these staiemems were niade with the Imowledge that willM fiilse ^ 
the like so made are punishable by fine or in^risonmoi^ or both, under Section 1001 of Tille 
18 of Ihe United States Code, and fi>at sudi wiUfiil &lse stat^nents jeopardize the 
validity of the ^plication (V any patent issuing tibeiefiom. 

Dated: OM-^f :^o^^ 

Dated:_Mh!L-il^-i!^ 
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